Clearance of large Ca2+ loads in a single smooth muscle cell: examination of the role of mitochondrial Ca2+ uptake and intracellular pH.
Redistribution of cytosolic free Ca2+ following Ca2+ influx into the cytoplasm was studied in single smooth muscle cells isolated from guinea-pig urinary bladder. Voltage-clamped cells were loaded with a low-affinity fluorophore Indo-1FF. A decay of free intracellular Ca2+ ([Ca2+]i) after the termination of the depolarizing pulse (1 s from -50 mV to +20 mV) was fitted with a single exponential and the effect of various substances on the time constant was compared. At a holding potential of +80 mV the [Ca2+]i decay was 1.56 times slower compared to that at -50 mV suggesting the presence of a voltage-dependent process redistributing Ca2+. In the presence of cyclopiazonic acid (CPA, 10 microM), an inhibitor of sarco(endo)plasmatic Ca2+ pump (SERCa), the [Ca2+]i decay was 3.93 times slower than that in the absence of the inhibitor. Introduction of a polycation Ruthenium Red (RR) (20 microM), an inhibitor of the mitochondrial Ca2+ uniporter, into a cell or collapsing a transmitochondrial H+ gradient with the protonophore CCCP (2 microM) slowed down the [Ca2+]i decay 6.05-fold and 9.78-fold, respectively. The apparent amplitude of [Ca2+]i increments was also increased by CCCP. Increasing H+ buffering power in the intracellular solution from 10 mM to 40 mM of HEPES greatly reduced the effect of CCCP on [Ca2+]i decay. A further increase in HEPES concentration to 100 mM eliminated the effects of CCCP both on the time course of [Ca2+]i decay and on the amplitude of [Ca2+]i increment. Perfusion of RR together with 100 mM HEPES into the cytoplasm was without effect on the decay time course of [Ca2+]i. The effect of CPA on [Ca2+]i decay was also reduced in cells loaded with 100 mM HEPES; the time constant in the presence of CPA was slowed down by a factor of 2.18. Application of 10 mM Na(+)-butyrate to the cells loaded with 10 mM HEPES resulted in a slowing down of [Ca2+]i decay: the time constant was increased by a factor of 5.84. Measurement of intracellular pH with SNARF-1 confirmed cytoplasmic acidification during application of Na(+)-butyrate and CCCP. It is concluded that the contribution of mitochondrial Ca2+ uptake to the rapid [Ca2+]i decay is much less than could be extrapolated from action of protonophores in these smooth muscle cells. The results also demonstrate the importance of intracellular pH for Ca2+ handling in the cytoplasm of smooth muscle cells.